Between 2008 and 2009, constraints in cowpea cultivation and adoption of inorganic insecticides in insect pest management were investigated among cowpea producers in Mubi zone of Adamawa State. Structured questionnaires were used to source for information from 611 respondents, who were randomly selected. The Chi-square test, Likert scale test and logistic regression method were used to analyze the data set. Preference was high for using inorganic insecticides, spraying time and regime and seed treatment. Production constrains in the study area were insect pests attack and diseases and high cost of inorganic insecticides. The use of insecticides (100%) and practice of spraying regime (99%) were high. High adoption rate as found for use of inorganic insecticides and spraying regime were traceable to awareness that non use of insecticides at the appropriate time will account for low seed yield and crop failure. Adoption of inorganic insecticides was related to age (β = 0.09, P<0.01), educational attainment (β = 0.98, P<0.05), membership of socio-cultural organization (β = 1.27, P<0.01), land preparation methods (β = -1.40, P<0.001) and consideration for the dealers during purchase of inorganic insecticides (β = 0.92, P<0.001). Similarly, adoption was high for practice of spraying regime for inorganic insecticides. Misuse of inorganic insecticides was prevalent among farmers in Mubi zone. The study recommends introduction and promotion of resistant varieties biopesticides and other environmentally safe and less injurious insect pests' management techniques.
INTRODUCTION
Information available from FAO (1998) indicated that cowpea is cultivated on at least 12.5 million ha, with annual production of over 3 million tons worldwide. It is widely distributed throughout the tropics, but Central and West Africa accounts for 64% of the area (with 8 million ha), followed by 2.4 million ha in East and Southern Africa. To a lesser extent, some cowpea is cultivated in the Middle East and southern Europe. The important cowpea growing countries are Nigeria, Niger Republic, Mali, Burkina Faso, Senegal, Ghana, Togo, Benin, *Corresponding author. E-mail: elikwabe@yahoo.com.
Cameroon, Chad in West and Central Africa: Sudan, Somalia, Kenya, Malawi, Uganda, Tanzania, Zambia, Zimbabwe, Botswana, and Mozambique in East and southern Africa. Most of the total world production of cowpea is in Nigeria, Burkina Faso, Uganda, Niger and Senegal (Rachie, 1985) . Although, cowpea can survive on a wide range of soils, the highest yields are obtained on well drained soils with medium fertility (FAO, 1998) . Cowpea is adapted to warm weather, drought tolerant crop with better growth in warm climates, and requires less rainfall than most crops. It is the most popular in semi arid regions of the tropics, where other food legumes do not perform as well (Rachie, 1985) . Different types of cowpea have been developed and released by research. There are the early maturing types (60 to 70 days), medium maturing (75 to 90 days), late maturing (85 to 120 days). Also, varieties grown by farmers are categorized based on whether they are erect or spreading types, their economic use as fodder and grain types. In addition, there are cowpea varieties with white, brown or red seed coat colour; also, they vary in seed size and cooking time (Rachie, 1985) .
A number of constraints adversely affect cowpea production and marketing in sub Sahara Africa. These includes among others non availability of market preferred varieties, low yield, pest and disease problems, high cost of farmland preparation, lack of improve tools, socio-economic factors, high cost and absence of labour, high cost of pesticides and adulteration, hazard to the farmers and environment, poor pricing and marketing channels. All these factors affect production and income directly or indirectly. A major problem in cowpea production is the menace by insect pests. Currently, economic necessity and environmental destruction have rendered insecticide use socially unacceptable, although somewhat unrealistically so. In addition, there is increased advocacy for monitored rather than calendarbased insecticides application, if insecticides must be used (Jack and Daoust, 1986) . Getting a good crop stand is paramount to getting good yield. Damage from insects as beetles, bean fly, can cause poor stand. One way this can be avoided is by treating the seeds with insecticides dust or slurry before they are planted. Jackai et al. (1985) noted that seed treatment of about 10 g/kg of Marshal at (carbosulfan) protect cowpea seedling from aphids, foliage beetles and herbivore such as bean fly for up to three weeks in the screen house, and for longer periods under field conditions. More recently, another seed dressing chemical, Apron plus, Fernasan D (25% Thiram + 20% Lindane) have been introduced and adopted by farmers.
The potential negative environmental impacts of modern agricultural practices (including insecticide use) have been long recognized as a major health concerns.
There are no precise and official estimates of pesticides use in Nigeria. There are many techniques or practices collectively referred to as Integrated Pests Management (IPM) that have been designed to address some of the health and environmental concerns of pesticide use and the problem of pests' resistance to pesticides. IPM is a management approach by anticipating pests' problems and preventing pests' from reaching economically damaging levels. All appropriate techniques are used such as enhancing natural enemies, planting resistant varieties and using pesticides judiciously while the IPM emphasizes minimal use of insecticides in controlling pests, their adoption by farmers can reduce the use of insecticides and their adverse impacts (Jackai et al., 1993) . Generally, researchers and extension agents are often frustrated by slower rate than expected of adoption levels. Slow rate of adoption causes a loss of potential benefit of sustainable practices to growers and the public.
The use of plant extracts for example neem (Azadiracta indica) is very popular, but its effect on pests and seed yield is not available. In addition, this technology (plant extract) has not been commercialized in sub Sahara Africa; hence the high dependent on inorganic insecticides. Information on awareness of cowpea insect pests' management technologies in cowpea is limited compared to available information in maize and cassava. This trend may be associated with assumption that cowpea can successfully be cultivated with the use of insecticides, and that other technologies developed by research are not available. However, Agwu (2001) reported comparative advantages offered by the use of improved cowpea technologies to acceptance and use of technologies by cowpea farmers to boost cowpea production, and acceptance of these technologies vary and has been far from encouraging. In another study, Agwu (2004) noted high awareness for the use of inorganic insecticides as compared to other insect pests control methods commonly used in the control of insects on cowpea plants among cowpea farmers in Bauchi and Gombe states, Nigeria. In addition, spacing technique (75 × 25 to 30 cm), fungicides, fertilizer and herbicides recorded low adoption and awareness among farmers in Nigeria (Agwu, 2004) .
Various factors affect the adoption models; these include willingness to adopt a technology, access to labour, capital, and informational affect decision. Also, available literature shows that many factors do influence adoption of innovations of any kind. These factors could be measured using various models. The commonly used ones are logit, probit and tobit which all have equal applications (Gujarati, 1995) . The models are also known as dichotomous (having a numerical value greater than 1) or binary (having a numerical value either 0 or 1) (Tobin, 1958; Wooldridge, 2001) . The advantage of these models is that they can determine the impact of socio-economic parameters in relation to other factors (Amemiya, 1981) . Empirically, Tobit, Logit and Probit models give similar results (Gujarati, 1995) . The logit model operates in the form of simple least squares. Agriculture serves as a major employer of labour in Mubi zone, Nigeria where farming is largely subsistence and most farmers were non-illiterate and are resource constrained. Cowpea production is limited by an array of agronomic (poor soil fertility, high cost of land preparation etc), socio economic (sex, age, education etc) and institutional (farm size, membership of social organization etc) constraints (Alghali, 1991) . These have negatively impacted on crop growth, yield and livelihood.
The preponderance of cowpea insects on farmers' fields causes huge yield losses in most cases grain yield less than 10 kg are obtained on farmers' fields (Jackai et al., 1985) . In addition, high cost of insecticides, adulteration and misuse of insecticides are challenges which are as old as cowpea farming. These have greatly contributed negatively to yield obtained on farmers' field. On the other hand, cowpea farmers require high capital for purchase of seeds, agrochemicals and payment of labour, these makes cowpea production very complex and not interesting. The extension services have not been able to disseminate and impact to cowpea farmers in this zone, the recommended integrated pests' management practices, which emphasize the use of resistant varieties alongside complementary practices (Adamawa State Extension Service, 1990) . At present, farmers are not adopting this all important agronomic and integrated approaches designed for insect pest management. This may be due to the complexity of the technology or inadequate on -farm demonstration and dissemination (Ajala, 1992) . Therefore, it is imperative to understand awareness level of insect pests' management techniques by cowpea farmers, how socio-economic, institutional, demographic variables and agronomic practices influence awareness and adoption of insect pests' management techniques.
Further, how effective are these insect pests' management techniques among cowpea producers in Mubi zone, Nigeria. However, it is important to understand if insecticides are being sprayed by farmers at a recommended dose or over dosed. Either of these conditions poses a serious health hazard to the farmers and the communities and degradation of the soil and environment. There is inadequate information on awareness, adoption and determinants of adoption of information technology in the study area; hence, the need for this research.
METHODOLOGY
A multistage sampling procedure was adopted for this study, five local government areas, which constitute Mubi zone was purposively selected because farmers in Mubi zone are largely involved in cowpea production. Two districts each from each LGA namely Michika and Bazza (Michika Local Government Area), Muchala and Mubi (Mubi North Local Government) Maiha and Pakka (Maiha Local Government), Gulak and Shuwa (Madagali Local Government Areas) and Mugulvu and Gella (Mubi South Local Government) were purposively selected due to preponderance of cowpea cultivation activities and population density. Thereafter, two villages were selected at random from each Sabo et al. 13 district Muchala (Mayo bani and Muva), Mubi (Batonde and Mukta), Michika (Watu and Lughe), Bazza (Kudzum and Likuni), Maiha (Bwade and Cede), Pakka (Dafra and Duhu), Gulak (Sukur and Duhu) and Shuwa (Mayowanda and Gubla). Proportionate sampling of farmers was undertaken to select 700 farmers from the 10 districts, and 20 villages based on their population. For the purpose of this study, both primary and secondary data were used, the questionnaire was the source of the primary data. Of the 700 questionnaires administered over two years, 611 were returned and thus constituted the sampling size and were processed for data analysis. For each village, 20 cowpea farmers were randomly selected to provide information on the cowpea production activities and adoption of insect pests' management technologies. The survey took place through August 2008 and December 2009 cowpea cropping season. Questionnaires were administered by the researcher alongside some assistants from the ADP staff.
Data collection and computation
Data collected from the respondents cover demographic, economic and institutional variables, these variables are age (years), sex, occupation and experience (years) in cowpea production, educational attainment, farm size, household size and marital status, experience in cowpea production (years), access to loan and frequency of extension contacts among others. Also, information on quantity of seed planted/hectare, seed source, land preparation methods, presence and absence of extension agents and extension meeting etc were sought from cowpea producers. Data collected over years of evaluation were summarized, pooled and subjected to descriptive statistics as mean, frequency distribution, percentages and Chi-square 'goodness -of -fit' test, to determine if the frequency distribution of the categories observed for socio-economic, institutional and production variables differ or are similar. The constraints to cowpea production were sourced through focus group discussion approach, farmers made their responses independent of the other farmers. Similarly, the extent to which sociological, economic and institutional variables hinder cowpea production in Mubi zone were sought from cowpea producers.
For both cases, data collected were analyzed using a four point Likert rating scale (LRS), as great extent = 4, some extent = 3, little extent = 2, no extent = 1. The mean score was computed as 4 + 3 + 2 + 1 = 10/4 = 2.50. Using the interval score of 0.05, the upper limit cut-off was determined as 2.50 ± 0.05 and the lower limit as 2.55 ± 0.05 = 2.45. On the basis of this, mean score (MS) below 2.45 (that is, <2.45) were ranked 'low', those between 2.45 and 2.54 were considered 'medium' (that is, 2.45 ≥ MS ≤ 2.54), while the mean score greater than or equal to 2.55 (that is, MS ≥ 2.55) were considered 'high'. Adoption studies typically use various types of the logistic models to analyze survey data. The models recognized adoption as a dependent categorical variable. Linear regression is inappropriate method for adoption studies for several reasons. In the case of adoption, the dependent variable takes a limited number of values and the error term is not normally distributed. Binary response models (logit) are used where adoption is considered as Yes or No decision by farmers. The probability of adopting technology is either 1 (for adopters) or 0 (none adopters) and these act as dependent variable (Kelejian and Oates, 1989; Oritz, 1998; Gujarali, 1986) .
By assuming that the response probability is linear in a set of parameters, the Logit model can be expressed as:
Log (P/1-P) = β0 + β1x1 + …+ β20x20
(1)
Where β0, β1…β20 denoted as estimated coefficients; x1…..x20 denoted the independent variables (age, education, family experience, household size, farm size, attendance of training, heard of IPM, membership of socio-cultural organization, extension services, access to loan, price of insecticides, dealers, extension advice, membership to organization, marital status, source of income, seed source, land preparation and land ownership, respectively), and p denoted as probability. The use of biopesticides was used as dependent variable. For these dependent variables decision to adopt any technology as a binary variable (1 = use of insecticide; 0 = otherwise) that measures the extent of adoption.
RESULTS AND DISCUSSION
Cowpea farmers whose age fell within the age group 31 to 40 years are in majority (Table 1) . This implied that our respondents are young and of the middle age group. Our findings are similar to those presented by Oritz (1998) and Agwu (2001) ; they reported that young adult farmers have high aspirations to accept new technologies than older farmers who seem to be more satisfied with their traditional farming methods. However, Ikani et al. (1998) proposed that farmers who are older, have more years of farming experience in agricultural production, and more innovative. In contrast, Australian farmers within the age of 40 to 50 years adopted conservation technology compared to farmers in lower age group (Agwu, 2004) . This investigation showed that cowpea production skewed to the male sex. Consistent with this result are previous reports. among cotton farmers in Zones 1 and 2 of Adamawa State, and among vegetable farmers in Mubi zone ). On the other hand, high participation of women farmers compared to the men was recorded in the cultivation of Kalima variety of cowpea in Malawi (Masangano and Miles, 2004) . However, women are actively involved in processing, storage and marketing of cowpea compared to men . This trend of result may be associated with the custom or norms and possibly the religious beliefs of the respondents interviewed. The proportion (44%) of the farmers with primary/quoranic education certificate was larger compared to those who had secondary school certificate/diploma/university degree. Educated farmers are supposed to be more efficient in combining resources through knowledge gained from information than non-educated farmers. Also, they are better able to process information and search for appropriate technologies to alleviate their production constraints (NAQAS, 2001) .
A large percentage of our respondents are married (76%); and household size of 6 to 10 was most frequent. This is associated with the desire to have access to farm labour at reduced cost. Cowpea producers are experienced in production and management of insect pests'. Farmers are aware of market and consumer preferences (seed colour, seed size and seeds devoid of holes and reduced pesticides and processing residues) (data not shown). Majority of the cowpea producers source for cowpea seeds from the open market (49%); this category was closely followed by those who saved seeds from previous planting (42%). Cowpea producers who sourced seeds from the Agricultural Development Projects might be interested in new varieties, while those who saved seeds from previous planting might have the intension to circumvent the cost of seed purchase and ensure purity. The inadequate participation of seed companies in commercialization of cowpea varieties led to the development of farmer -to -farmer seed system (Gujarati, 1995) . The use of insecticides, fumigants, biopesticides and cultural practices are a few of the insect pests' management technologies developed by research and communicated to farmers as insect pests management technology (IPM), primarily to reduce damage caused by insect pests' during field planting and storage.
High proportion (98%) of cowpea farmers used inorganic chemicals to control insect pests during field planting and storage (Table 2 ) compared to biopesticides. This trend is similar to those reported by Jackai and Adebayo (1997) , Tamo et al. (1997) and Afun et al. (1991) . It is important to note that insecticides have varying mode of activity, they are either narrow spectrum or broad spectrum activity. This is often associated with the selling price. Cowpea farmers who applied insecticides twice during the cowpea crop cycle accounted for 50% of the respondents. Those who applied insecticides three times during cowpea crop cycle accounted for 21% of the respondents. While those who sprayed once constituted 9% of the cowpea producers. Respondents who applied insecticides for a period of four times and over during the crop growth cycle summarized 21% of the cowpea farmers interviewed. The quantity of insecticides (liter) used by the cowpea farmers was dependent on the insect pest predominance, farm size, spraying regime (spraying intensity) and dilution ratio (water to insecticides). We observed that insecticides (liter) used by farmers per acre ranged between 1 and 3 L. Cowpea farmers who used 1 L/ha accounted for 57%, and cowpea farmers who applied between 2 and 3 L/ha accounted for 29 and 14%, respectively. The foregoing is a pointer to an excessive use of insecticides by cowpea farmers, and an indication that cowpea producers do not adhere to recommended dilution rate of insecticides (20 mls into 10 L of water). Further, 75% of the cowpea farmers considered damage by insect pests serious at flowering after spraying, while 24% of the cowpea farmers indicated otherwise.
After spraying inorganic insecticides, 66% of cowpea producers reported that insect damage impacted negatively on seed yield and seed quality. This trend may be associated with adulterated inorganic chemical or a wrong choice of insecticides. This investigation sought to understand how long it takes for insects to appear on cowpea plant after spraying. Responses diverged between 1 and 5 weeks after spraying. Farmers who indicated that it took 1, 2 and 3 weeks to see insects on cowpea after spraying accounted for 16, 22 and 18%, respectively. However, farmers who indicated 4 and 5 weeks accounted for 33 and 12%, respectively. The Chisquare goodness of fit for this category was significant (P<0.05). This implied that these categories differed. The resurgence of insects on cowpea plants is dependent on whether the insecticide is a contact or systemic, narrow or broad spectrum approach and the active ingredient. However, a rainfall between 5 to 45 min after a spray of insecticides will affect the efficacy of the insecticide. Therefore, farmers are advised to spray after rainfall or whenever the sky is not cloudy.
The study showed that a large proportion (71%) of cowpea farmers indicated that the cost of insecticides was extremely not important during purchase. But emphasis on the dealer (76%) was high during purchase of insecticides in the open market. The most limiting constraints to cowpea production in Mubi zone included problems associated with diseases, insect pests attack, high cost of insecticides, high cost of land preparation and poor soil fertility (Table 3) . These variables recorded high mean score, which ranged between 3.15 and 3. 39. In contrast, demographic variables (age, sex and religion) recorded mean score less than 2.0. This corresponds to Numbers in parenthesis are calculated scores from each category. Mean score > 2.00 was effective; mean score < 2.00 was ineffective. Numbers in parenthesis are calculated scores from each category. Mean score > 2.00 was of great extent; mean score < 2.00 was least extent.
little impact of these variables on cowpea production in Mubi zone. Result presented are similar to those reported by Agwu (2004) The cowpea producers indicated that high seed yield is consequent upon high yielding varieties and use of insecticides. Use of insecticides is constrained by high cost of insecticides and health hazards on the farmers and his household, and environmental pollution (Table 4) associated with use and misuse of inorganic insecticides. Excessive use of insecticides (spraying more than four times) could lead to contamination of the land, water, soil and the environment. Another concern with pesticides use is lack of safe handling procedures. Farmers eat, drink or smoke without washing after spraying. Due to high cost of spraying kit and ignorance, spraying is done without the use of nose mask and wearing of farm overall. Further, farm size, high cost of control methods and illiteracy proved important in limiting adoption of insect pests' management techniques. Though, these variables limit adoption, farmers are increasingly engaged in the use of insecticides for seed yields.
The result of analysis of adoption of inorganic chemicals using logistic regression (Table 5) showed that statistical β for example -2Log L was negative, log likelihood, Wald and Score were positive and significant (P<0.0001). However, of the 21 independent variables examined in the regression procedure, 12 variables turned out to have positive estimates, while 9 variables were negative. This implied that most of the farmers have adopted use of inorganic insecticides as a requirement for high yield. The logistic model showed significant likelihood that age (β = 0.09, P<0.05), educational attainment (β = 0.98, P<0.05), membership of socio cultural organizations (β = 1.27, P<0.05), information source on insecticides (β = 0.50, P<0.01) and consideration of the dealer during purchase (β = 0.92, P<0.01) influenced adoption of inorganic insecticides. These variables recorded positive β values in the adoption of inorganic insecticides use and could be complementary to adoption of insecticide use. This study demonstrated that age of the respondents had positive and significant relationship with adoption of inorganic insecticide use. This implied that as farmers' increases in age; there is the likelihood of a steady increase in the use of inorganic chemicals. Membership of socio cultural organization was positively related to adoption of insecticides, this mirrored previous report of Agwu (2001) and , who indicated a significant influence of membership of socio-cultural groups on adoption.
In addition, extension has been identified as a way of building human capital of the farmers by exposing them to information that increase income and reduces uncertainties (Feder et al., 2005) . In this study, accessibility to information is related to adoption of insecticides. Consideration of the insecticide dealer was related to adoption of technology. The implied reliability of the source (insecticides marketer) and has a great influence on adoption of inorganic insecticides, as long as the end user perceive the source as reliable for non adulterated insecticides. Statistical parameters for this analysis indicated that likelihood ratio, score and Wald estimates are highly significant and positive. -2 Log estimate was high and positive. The adoption of spraying regime requires monitoring the growth stages and build up of insects on the farm and applying a selective or a broad spectrum insecticide. On the other hand, farmers are advised to have a maximum four spraying regime throughout the growth period for the crop; at times, spraying should be done on sighting insect on the farm. Our respondents affirmed that spraying broad spectrum insecticides during growth stages was convenient (data not shown), though broad spectrum insecticides are expensive compared to selective insecticides. The result of the logistic regression analysis of independent variables and adoption of spraying regime (Table 6) showed that the log likelihood estimates was positive and the Chi-square value, Score and Wald estimates were highly significant (P<0.001). Of the 22 independent variables examined, six independent variables [seed source (β = -0.19, P<0.01), seed treatment (β = -0.42, P<0.05), frequency of extension contacts (β = -0.42, P<0.05), farming experience (β = -0.03, P<0.05), land ownership (β = -0.82, P<0.01) and access to training (β = -0.31, P<0.01) recorded significant relationship with adoption of spraying regime by cowpea farmers in Mubi zone. In the same vein, these variables recorded positive estimates (β) in the probability to adoption of insecticides use and could be complementary to adoption of this technology. A significant probability of seed source and seed treatment on adoption of spraying regime could be explained as a complementary association between seed treatment chemicals and seed source. However, farmers are aware that their varieties are susceptible to insect pests' and other soil borne diseases therefore, the use of seed treatment chemical. This study demonstrated that extension contact and the frequency of extension contact recorded positive and significant relationship with adoption of spraying regime. In addition, farming experience, land ownership and implication of cost during purchase of insecticides are positively related to adoption of spraying time. Several authors have explained that farming experience, land ownership, implication of cost to be associated with adoption of innovation (Saginga et al., 1999; Matteson et al., 1984) . These independent variables are positively related to adoption of spraying regime as evaluated among cowpea farmers in Mubi zone. Similarly, membership of socio -cultural group significantly influence adoption of spraying regime, this correspond with findings of Ajala (1992) and Ikani (1998) . Cowpea producers in Mubi zone are well informed about the menace of insect pests on cowpea in the absence of insecticide spray (inorganic insecticides). The choice of insecticides among cowpea producers was influenced largely by who the dealer is. While continuous use of inorganic insecticides was influenced by age, literacy, available source and membership of socio -cultural organization.
The practice of spraying regime among cowpea growers was contingent upon extension contacts and experience in cowpea farming. The high cost associated with use of inorganic insecticides limit its use; this may promote use of adulterated insecticides. Also, cowpea growers are knowledgeable of the health hazard associated with the use of inorganic insecticides. The availability of resistant varieties and biopesticides will reduce huge cost of buying insecticides and minimize health and environmental hazards.
